Pollen pattern dispersal in seedling seed orchard (SSO) is an essential part of a tree-improvement program. Two SSOs of Acacia mangium in South Kalimantan and South Sumatra that represent similar resources in different environments were used in this study. Genotypes of all trees and seeds from a subset of 10 mother trees in each orchard were determined for 12 microsatellite loci, and parentage analysis was carried out. The results shows that the pollen dispersal pattern in both SSOs decrease with distance from mother tree. Patterns of pollen dispersal, dispersal distance and cumulative frequency of pollen dispersal distance were similar in both SSOs. Random pollen dispersal were found in both SSOs. About 80% of all crosses were found within a 40-m distance range with the most frequent pollination distance between mother tree and male male parents was 0-10 m. No self-pollinated seed was detected. Application of all these aspects found in this study such as random pollen dispersal and the effective pollen dispersal distance can be useful for establishing seedling seed orchard, clonal seed orchard and in other tree improvement activities of A. mangium.
I. INTRODUCTION
Understanding the mating system and patterns of pollen dispersal in tree species is important for conservation and natural resource management as well as for successful breeding program and domestication (Millar et al., 2008) . Mating system has been studying in Acacia species. Most of the studies found high levels of outcrossing in acacia species (Mandal and . Although population subdivision at isoenzyme loci can be used to estimate gene flow, it is difficult to determine the relative contributions of pollen movement and seed dispersal to overall migration rates (Dow and Ashley, 1996) . Microsatellite markers are suitable for mating system studies as they are highly polymorphic, co-dominant, and considered to be selectively neutral (Tabbener and Cottrell, 2003; Millar et al., 2008) . PCR-based microsatellite analysis is also quick, and requires only small amounts of DNA (Hancock, 1999; Glaubitz and Moran, 2000) . Therefore, microsatellite markers have been widely used for investigating mating system, patterns of pollen dispersal, pollen donor composition and parentage of saplings in many species (Dow and Ashley, 1996; Tabbener and All the material used in this study were collected in 2002. Two or three leaves from each tree from these orchards were collected and put in an envelope with sufficient proportion of silica gel inside. The silica gel was replaced many times to dry the leaves and minimize decay or associated fungi. For offspring, seeds were collected from ten mother trees Millar et al., 2008) at each site. The mother trees were selected based on their position in the orchard. These positions were expected to represent anticipated trends in the mating system in each orchard. From each mother tree, representative pods from throughout the crown were collected; twenty seeds were randomly selected from these bulky pods.
B. DNA Extraction
Genomic DNA from both leaves and seeds was isolated using a modified CTAB method (Shiraishi and Watanabe, 1995) . The extraction procedure for each differed. For leaves, 100 mg were cut into small pieces and ground to a powder under liquid nitrogen in a pestle and mortar. The powder was then put into a 2.0 ml microtube and one ml of extraction buffer (100 mM Tris-HCl pH 9.0, 1.4 M NaCl, 20 mM EDTA, 2% CTAB, 0.5% ß-mercaptoethanol) added. For seeds, every fresh seed was put into a tea bag, boiled in water for 10 min, and the seed coat removed manually. The naked seed was placed in a 1.5 ml microtube, incubated for 30 min at 65ºC in 0.6 ml extraction buffer (100 mM Tris-HCl pH 9.0, 1.4 M NaCl, 20 mM EDTA, 2% CTAB, 0.5% ß-mercaptoethanol) and then ground using a pellet pestle. The ground material of both leaves and seeds was then incubated in their respective microtube at 65ºC for 1 h. Chloroform was used twice to wash the supernatant containing DNA. Sodium acetate and isopropanol were used to precipitate the DNA. A DNA pellet was made by centrifuging the tube at 15,000 rpm. The pellet was washed with 70% ethanol and then distilled water added to redissolve the DNA.
C. PCR Analysis
Twelve microsatellite markers (Butcher et al., 2000) were used for genotype analysis. For each marker, a fluorescent-labelled primer and a nonlabelled reverse primer were synthesized for PCR analysis. PCR analysis was carried out in a 10 µl reaction containing 1 PCR buffer (Perkin-Elmer, Applied Biosystems, USA), 1.5 to 3.0 mM MgCl 2, and 0 or 1 % formamide (Table 2) (Table 2) were used to obtain the minimum or maximum single nucleotide addition caused by the Taq DNA polymerase.
Amplification was performed in a GeneAmp PCR System 9700 (Perkin-Elmer, Applied Biosystems, USA) at 94˚C for 10 min, 35 cycles at 94˚C for 30 s, 50-60˚C for 30 s, 72˚C for 60 s, followed by 1 min at 72˚C for the extension step. Touch-down PCR (Don et al., 1991) was used for PCR analysis. The annealing temperature for the initial cycle was 65˚C, which was then decreased by 1˚C/cycle for the following nine cycles. After the 10th cycle, the annealing temperature was fixed at 55˚C. PCR products were electrophoresed using an ABI 310 Genetic Analyzer (Perkin-Elmer, Applied Biosystems, USA). The lengths of PCR products were determined using GeneScan and Genotyper software (Perkin-Elmer, Applied Biosystems, USA) and interpreted to the alleles. ( 
III. RESULT AND DISCUSSION

A. Genetic Diversity
The twelve microsatellite markers in A mangium was highly variable. AM004 Group D from South Sumatra has higher number of alleles than AM006 Group C from South Kalimantan. The number of alleles (A) varied from 4-21 alleles per locus with an average 8.75 alleles in AM004 Group D and 7.67 alleles in average with A=3-17 alleles per locus in AM006 Group C from South K alimantan) ( Table 3) Table 3) . Frequency of null alleles (± 0.051 in average) was low in both orchards ( (Figure 1) , the similar trend that was found in bur oak, Quercus macrocarpa (Dow and Ashley, 1996) and a planted stand of A. saligna subsp. saligna (Millar et al., 2008) . Pattern of pollen dispersal in both SSOs of A. mangium was random, however, we also found multiple paternity/correlated outcrossing wherein some of the detected paternal trees were to be the pollen donor of several seeds (Table 4) ., 2008; Millar et al., 2008) . Pollen in Acacia is presented in the form of polyads (fused pollen grains), so all insects that forage for polyads will have immediate access to respective stigmas (Coantes et al., 2006) . In A. saligna, the flowers are grouped into complex inflorescences, and pollen from the same paternal tree may regularly fertilize more than one flower within a cluster (Millar et al.,  2008 ). Pollinator will concentrate on more 2 The number (N) of male parents adjacent to the mother tree producing seeds rewarding patches, and when pollinators visit more rewarding patches, they will travel less far to the next flower or plant (Richards, 1997) . Flowering time will also influence the trend. Butcher (2002) found no evidence of selfing in location where the majority of trees flowered synchronously and seed orchard established from the same source population. Selfing should be avoided because it usually performs negative effect and inbreeding depression. Study on effect of inbreeding on A. mangium found that selffertilized individuals were significantly (P<0.001) slower-growing than were outcrossed individuals (Harwood et al., 2004) .
The most frequent pollination distance between mother tree and male parent was 0 Furthermore, travel will be much shorter in areas of high plant density such as in AM004 group D (established in 0.96 ha area with 251 trees) than in AM006 Group C that has lower density (190 -1 trees ha ). As explained in Richards (1997) , in sparsely populated areas, pollen travel will, by definition, be more distant,however, the number of plants which the pollen may reach may be no greater than in dense populations, and indeed may well be less. Sparse area of dense population will also receive far fewer pollinator visits, as these areas will form patches of low reward, and thi will minimize gene travel in these areas (Richards, 1997) .
Study in Acacia sp. showed that most of Acacias are outcrossing species. It was found in A. nilotica ssp. kraussiana ( (Table  4) , the presence of multiple paternity/correlated outcrossing (Table 4) (Table 4) . Previous A. mangium study showed that this species has flexible mating system with its outcrossing rates in natural populations range from complete selfing in outlying populations with low genetic diversity to complete outcrossing in the Timyan (1999) predicted that a distance of up to 100 m should be sufficient to isolate the orchard from such sources of contamination. The orchards used in our study adopted a 100-200 m isolation distance to avoid pollen contamination (Nirsatmanto, pers. comm.). The isolation distance was expected can reduce pollen contamination, however, as our study still found male parent in the range of 100 m from mother tree and high mismatched in known parent and offspring so the possibilities of minimum isolation distance to reduce pollen contamination from outside the SSO could not be predicted. More studies using different distance as an isolation area in A. mangium is expected can resolve effective isolation distances in A. mangium to reduce pollen contamination from outside SSO.
IV. CONCLUSION
The mating system study using 12 microsatellite markers found high outcrossing with low selfing evidence was found in both SSO. Pollen dispersed randomly among the trees in each SSO and mating mostly occurs in close distance. Application of all these aspects of mating systems found in this study such as random pollen dispersal and the effective pollen dispersal distance can be used for establishing seedling seed orchard, clonal seed orchard and in other tree improvement activities of A. mangium.
